All conclusions about the consequences of phosphorferon-responsive GBP promoter was strongly reylation at the TAD were either derived from correlations duced, suggesting defective recruitment of histone between serine phosphorylation and a particular biologiacetylases as the mechanism underlying IFN-␥ hypocal response, or by studying Stat1-deficient cell lines, responsiveness. Our data demonstrate that the inengineered to reexpress Stat1 serine727-alanine (S727A) crease in transcription factor activity caused by Stat mutants. Therefore, available evidence about the releserine phosphorylation contributes to macrophage vance of Stat1 serine phosphorylation is limited to either activation and to IFN-␥-dependent immune responses transformed human fibrosarcoma cells or to immortalin vivo.
a main target of IFN-␥ in the immune system is the Results macrophage. To address whether signaling of the immune system to the Stat1 TAD is an essential part of Generation of Mice Expressing Stat1S727A establishing innate immunity, we have generated mice
We cloned the murine Stat1 locus starting from exon 13 expressing a Stat1 S727A mutant. We show that S727 phos-(GenBank Accession Number AF349678). Its exon-intron phorylation increases IFN-␥-dependent innate immunity organization is generally very similar to that of the human to bacteria and the inflammatory response to bacterialocus, but the coding region corresponding to human derived signals like lipopolysaccharide (LPS). We also exon 23 is split into murine 23a and 23b exons with 23b encoding only four amino acids and the stop codon demonstrate a role of Stat1S727 phosphorylation in stimulating histone acetylation and the expression of ( Figure 1A ). The S727 phosphorylation site of the TAD is encoded by exon 23a. The base triplet for S727 was IFN-␥-induced genes. mutated to encode A, and the Stat1 locus of ES cells was targeted for homologous recombination with a construct containing the mutated genomic DNA, starting with intron 21 and ending within the 3ЈUTR. A Neo R cassette flanked by loxP recombination sequences was inserted between exons 22 and 23, and a diphtheria toxin gene at the 3Ј end was used for negative selection of nonhomologous recombinants ( Figure 1B) . Clones of targeted ES cells were identified by PCR and used for injection into blastocysts. Two clones produced chimeric mice that transmitted the mutant locus to their offspring. Excision of the Neo cassette in intron 22 was achieved by mating homozygous mutant animals to mice expressing an X-linked CMV-Cre transgene. Deletion of the Neo gene in the resulting offspring and the presence of the S727A mutation was verified by Southern blotting (Figures 1C and 1D) . Macrophages from homozygous Stat1S727A mice were analyzed by Western blotting and showed that Stat1 expression and IFN-␥-induced tyrosine phosphorylation were comparable to that of wt mice ( Figure 1E ). As expected, phosphorylation at S727 occurred in wt mice, but not in those with two Stat1 S727A alleles ( Figure 1E ). sponses were strongly affected by the absence of serine phosphorylation. This might explain why, unlike Stat3, the Stat1 mutation on both chromosomal alleles causes 1). Our data thus suggest an impairment of the unphosfunctional defects. The concomitant presence of IFN-␥ phorylated Stat1 TAD to recruit histone acetylases to and bacterial signals, i.e., the activation of additional the GBP promoter. transcription factors like NFB and AP1, which impinge CBP, a coactivator protein with histone acetyl transon antibacterial genes, only partially compensated for ferase activity was shown to associate with the Stat1 C the lack of serine phosphorylation. Induction of iNOS terminus . In an in vitro system with eventually reached the levels found in wt macrophages, recombinant proteins, binding was shown to be reduced but the S727A mutation still caused a strong delay of upon mutation of S727 to A (Zakharova et al., 2003) .
Response of Cells and Animals Expressing

expression. Induction of the infection-related gene To test whether reduced CBP binding might be in part
LRG47 remained below wt levels also in the presence responsible for the decreased Stat1-dependent histone of LPS. These results strongly suggest that the reduced acetylation,we performed coimmunoprecipitation assays antibacterial immunity of Stat1 S727A mice is due to a reusing macrophage extracts. As shown in Figure 7D, IFN A727/ϩ mice strain) were performed as described previously (Meraz et al., 1996) . were interbred to generate homozygous Stat1 A727 mice.
For the determination of intracellular bacteria in macrophage cultures, bone marrow-derived macrophages were cultured in 96-well plates at a density of 2 ϫ 10 5 cells/well in penicillin/streptomycinCells free medium containing 10% FCS and 15% L cell conditioned meMacrophages were derived from liquid bone marrow cultures as dium. Cells were stimulated with IFN-␥ for 18 hr and subsequently previously described (Baccarini et al., 1985) . Fibroblasts were obinfected with wild-type L. monocytogenes EGD strain at an MOI of tained from day 11.5 embryos by digestion with trypsin and cultured 10. To measure phagocytic uptake, cells were incubated at 37ЊC, 5% in DMEM, supplemented with 10% FCS. The EGD strain of Listeria CO2 for 30 min. Extracellular bacteria were removed by extensive monocytogenes (kindly provided by Martin Wagner, Veterinary Medwashing with PBS, followed by macrophage lysis in distilled water. ical University, Vienna, Austria) was used for infection experiments.
The cell lysates were transferred immediately to PBS, serially To assure virulence, the bacteria were reisolated from livers of indiluted, and plated onto Oxford Listeria-selective agar plates. Numfected mice. The bacteria were grown in brain heart infusion broth bers of intracellular bacteria were determined by counting colonyto the desired optical densities.
forming units (cfu) in the cell lysates. To quantify intracellular bacteria at later time points, the cell supernatants were aspirated after Cytokines, Reagents, Antibodies the phagocytosis period and replaced with fresh penicillin/streptoInterferon-␥ (kindly provided by G. Adolf, Boehringer Ingelheim, mycin-free medium containing 50 g/ml gentamycin. Following inAustria) was used at a concentration of 240 U/ml. For the in vitro cubation at 37ЊC for 1 hr, the cells were washed again and finally experiments Salmonella minnesota LPS (Sigma) was used at a conreincubated in medium containing 10 g/ml gentamycin. At the apcentration of 10 ng/ml. Antisera against the Stat1 C terminus and propriate time points the supernatants were removed, and the cells phospho-S727-STAT1 have been described recently (Kovarik et 
